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ABSTRACT Previous studies suggest grain sorghum, Sorghum bicolor (L.) Moench, acts as an
early-season predator source for nearby cotton, Gossypium hirsutum L., in areas where their growing
seasons overlap. However, few data exist on predator movement in this system, and proposed causes
of movement have not been tested. Field studies in 2001 and 2002 addressed both issues. Predator
marking with rubidium was employed to measure predator movement between equal-sized areas of
cotton and grain sorghum at three stages of grain sorghum phenology. Concurrent manipulative
experiments in field cages tested for effects of phenology and aphid levels on movement by Hippo-
damia convergens Guérin-Méneville, a common predator in this system. Results from 2001 showed
cotton gained 2.7 predators for every one lost to adjacent grain sorghum but that the collective
movement of predators was similar among the three periods examined. The coccinellids H. convergens
and Scymnus loweii Mulsant moved preferentially into cotton and seemed responsible for the overall
pattern of predator movement between crops. For predators moving from grain sorghum into cotton,
estimated rates of dispersal (15.8-19.9 m/d) were found to be similar among all taxa studied. Cage
experiments suggested both crop phenology and abundance of aphid prey in cotton and grain sorghum
cause predator movement, but only the effect of phenology was consistent between years. These
results support the idea that grain sorghum is a source of predators during cotton’s early growth stages
and suggest that grain sorghum may continue to contribute to natural enemy populations during later

stages of cotton growth.
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SURROUNDING VEGETATION DIRECTLY influences the
abundance of generalist predators in agricultural fields
(Altieri and Letourneau 1982). This connection to
neighboring habitats is particularly important for an-
nual crops, where standing vegetation is routinely
destroyed and renewed according to a yearly cycle.
Predators moving from these habitats act as the initial
colonists to recently planted agricultural crops (Wis-
singer 1997), but surrounding areas may also be
sources of recolonization when predator populations
are decimated by the use of pesticides (Wratten and
Thomas 1990). Although attention has generally been
focused on the benefits of uncultivated habitats as
sources of predatory arthropods (Thomas et al. 1991,
Landis et al. 2000), predators may also move from one
crop to another, particularly when the phenologies of
the crops are not synchronized (Wratten and Thomas
1990, Bommarco and Fagan 2002).
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One reported example of such predator movement
between crops involves contiguously grown cotton,
Gossypium hirsutum L., and grain sorghum, Sorghum
bicolor (L..) Moench. Both crops are common across
broad geographic ranges of the United States, with
cotton grown across the southern states, whereas grain
sorghum spans the central region from South Dakota
to Mexico. This results in overlapping production
ranges in several states, but most extensively in Texas,
which typically ranks first and second in the produc-
tion of cotton and grain sorghum, respectively (Texas
Agricultural Statistics Service 1998, 2000, 2002). Sev-
eral factors noted by Fye (1971, 1972) suggest that, in
areas where both crops are produced, grain sorghum
could serve as a source of predators to cotton. First,
cotton and grain sorghum support similar groups of
predator taxa, the adults of which are generally very
mobile. Second, grain sorghum is not usually treated
with pesticides, in part because it is a relatively pest
tolerant crop. Last, grain sorghum reaches maturity
early relative to nearby cotton fields. Fye (1972) hy-
pothesized that this would result in large predator
populations produced in grain sorghum that move into
cotton during the late stages of grain sorghum phe-
nology. The corollary noted by subsequent research-
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ers (Robinson et al. 1972, Lopez and Teetes 1976,
Prasifka et al. 1999) is that such predator movement
would improve biological control in cotton.

Several studies have explored the issue of predator
movement from grain sorghum to cotton using differ-
ent methods. Studies have examined predator densi-
ties in cotton at increasing distances from adjacent
strips of grain sorghum (Burleigh et al. 1973, Massey
and Young 1975), compared predator densities over
time in both cotton and sorghum (Fye 1971, Fye and
Carranza 1972), or compared isolated cotton plots to
those planted near grain sorghum (Robinson et al.
1972, Parajulee et al. 1997). Lopez and Teetes (1976)
used fluorescent dust marking to examine predator
movement into cotton, and Prasifka et al. (1999) also
used dusts to mark predators in both crops, attempting
to assess predator movement into and out of cotton.

Although most of these studies support the premise
that grain sorghum acts as a source of predators to
colonize nearby cotton, a basic understanding of pred-
ator movement in this system has not been achieved.
For example, direct measurement of predator move-
ment using mark-recapture methods had only been
attempted twice. In both cases, inadequate numbers of
predators were recovered to support generalizations
about the timing, magnitude, or rates of predator
movement between cotton and sorghum. Further-
more, whereas Fye (1971, 1972) asserted that plant
maturity was the cause of movement, only one study
(Prasifka et al. 1999) has examined the possibility that
other factors may motivate predator movement. Re-
sults indicated that predator movement was corre-
lated with high temperatures and low levels of aphid
prey. However, because this study relied on correla-
tions and not experimental manipulation, causality
cannot be inferred directly.

To correct these shortcomings, modifications to
previous research were necessary. First, protocols for
the use of a trace element marker, rubidium, were
developed for use in cotton and sorghum (Prasifka et
al. 2001). This allowed relatively easy predator mark-
ing and assured an increase in the number of marked
predators recovered. Second, experimental manipu-
lations of the putative causes of predator movement
were made under field conditions. With these changes
in methodology, the following objectives were pur-
sued: (1) to measure the timing, magnitude, and rates
of predator movement between cotton and grain sor-
ghum; and (2) to test possible causes of movement for
a common predator in both crops.

Materials and Methods

Complementary field studies were conducted in the
Southern Rolling Plains of Texas (study area = 31.3-
32.1°N, 99.6-100.6° W) during 2001 and 2002. The first
study was designed to measure directly the movement
of predatory arthropods between adjacent fields of
cotton and grain sorghum. A second study was con-
ducted to test putative causes of predator movement
between cotton and grain sorghum. In both cases,
three study periods per season were timed to the
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soft-dough, hard-dough, and physiological maturity
stages of grain sorghum phenology (Vanderlip 1993).
At these stages, cotton development had reached
roughly five to six true leaf, first one-thirds grown
square, and first bloom stages, respectively. The sor-
ghum stages selected span the processes of grain mat-
uration and leaf senescence hypothesized to cause
predator dispersal (Fye 1972).

Measuring Predator Movement. Each year, six sites
were selected in Runnels County, TX. A site consisted
of one cotton field and one grain sorghum field ori-
ented with their rows parallel. Within each field, a plot
100 m long by 40 m wide (0.4 ha) was flagged. Plots
began 10 m from the crop interface of cotton and grain
sorghum and were inset at least 100 m from the ad-
jacent field edge. At each site, one plot was further
divided into three subplots 10, 20, and 50 m from the
interface of the cotton and grain sorghum fields (Fig.
1). The study sites were organized spatially into three
pairs, in which the distance between paired sites was
less than that between unpaired sites. For example, in
2001, the distance between paired sites ranged from
3.7 to 5.2 km and 16.8-32.5 km for unpaired sites.
Weather conditions (temperature, relative humidity,
precipitation, wind speed, wind direction, and baro-
metric pressure) were monitored at one site within
each site-pair with a PortLog weather station (Rain-
Wise, Bar Harbor, ME), recording at 1-h intervals.

At the onset of the three grain sorghum phenolog-
ical stages noted above, foliar sprays of rubidium chlo-
ride (RbCl) were applied to mark predators. Rubid-
ium is a ubiquitous element chemically similar to
potassium but usually found at very low concentra-
tions. This similarity allows rubidium to be incorpo-
rated into biological systems at moderate levels with-
out harmful effects (Stimmann 1974, Knight et al. 1989,
Johnson and Reeves 1995) and results in its vertical
transmission between trophic levels (Graham et al.
1978, Johnson and Reeves 1995, Corbett et al. 1996).
These properties permit augmentation of background
rubidium levels to internally mark plants, herbivores,
and natural enemies. Because rubidium is replaced by
potassium in the diet, the mark is temporary for ac-
tively feeding insects (Shepard and Waddill 1976, Gra-
ham et al. 1978, Fleischer et al. 1986) and may allow
multiple mark-recapture experiments to be conducted
at a location in one season. To measure movement
both into and out of cotton, three cotton fields (one
site within each pair) and three grain sorghum fields
were selected to receive a RbCl spray. In the selected
fields, RbCl sprays were made with equipment as de-
scribed in Prasifka et al. (2001) and applied as 200 g
RbCl dissolved in 68 liters of water per 0.4-ha plot.

Predator sampling to recover rubidium-marked
predators was conducted in the unsprayed plots 2, 3,
and 4 d after the RbCl sprays in the adjacent plot. Each
subplot (1 row by 100 m) was sampled for 40 person-
minutes per day using visual searches of plants. Only
adults of insect predators were collected, but both
immature and adult spiders were sampled. Predators
were collected with double-chambered inhalation-
type aspirators, and aspirator inner chambers (2-dram



Vol. 33, no. 2

284 ENVIRONMENTAL ENTOMOLOGY
[
|
|
|

g |
o |
8 [
A € E £ |
e R 3 |

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

40m I
|

Sorghum Cotton | Sorghum Cotton

|

|

|

|

Fig. 1. Field plot arrangements for predator movement studies, 2001-2002. Dashed line separates sites where rubidium

was applied to sorghum or cotton. Rubidium-treated plots are indicated by shading. Arrows indicate the predator movement
measured. Numbers above unsprayed plots indicate the distance of sampling areas from the interface of fields. Diagram is

not to scale.

screw cap vials) were capped and separated after
completion of each subplot. Vials were then preserved
in dry ice until they could be transported to the Bi-
ological Control Facility in College Station, TX, and
placed in freezers before analysis.

In the laboratory, predators were sorted taxonom-
ically into nine groups. Species (Hippodamia conver-
gens Guérin-Méneville, Scymnus loewii Mulsant), ge-
nus (Orius spp., Notoxus spp., Collops spp., Geocoris
spp., Nabis spp.), family (Chrysopidae), and order
(Araneae) level groupings were used as needed, and
all predators were separated as individual samples.
Predators were then digested and analyzed for total
rubidium content via atomic absorption spectrometry
(AAS) as described in Prasifka et al. (2001), with two
exceptions as noted below. The AAS technique mea-
sures the amount of light absorbed (at element-spe-
cific wavelengths) when a sample is heated to a tem-
perature sufficient to generate free atoms of the
element of interest. As made customary by Stimmann
(1974), a predator was considered marked if its ru-
bidium content in parts per million (PPM = ug Rb/g
predator dry mass) was at least 3 SDs above a control
mean. Samples previously collected from the study
area (Prasifka et al. 2001) were used as controls.

Changes made to the rubidium analysis were in-
tended to improve accuracy and simplify methods.
First, to minimize error, all samples were massed to
microgram accuracy instead of using an average mass
value for predators of the same group. Establishing
precise mass values for each sample allowed an addi-
tional change in the methods used to test the rubidium
mark status of spiders. Prasifka et al. (2001) used a size
index to estimate mass values for noncontrol samples
of spiders and regressed the rubidium content of con-

trols onto estimated mass values to construct an ad-
justable rubidium-mark threshold for spiders of vari-
ous sizes. However, because the rubidium content per
gram of spider mass (regardless of overall size) ap-
peared constant, a single threshold was established
using mass values and rubidium content of control
samples from Prasifka et al. (2001). Consequently,
spiders collected in 2001 and 2002 were evaluated
using the same type of threshold (mean background +
3SDs) as other predator groups. The interpretation of
individual marked samples from spiders and the insect
predators was straightforward; because predators
were collected only from areas not treated with ru-
bidium chloride sprays, all marked individuals were
assumed to have recently moved from the adjacent
field.

Statistical analyses were made using SAS software
(SAS Institute 1999) with specific procedures as in-
dicated. A two-factor analysis of variance (ANOVA;
PROC ANOVA, including the two-way interaction)
was conducted to assess if the magnitude of predator
movement (sum of marked predators across all taxo-
nomic groups) was explained by the time (phenology)
and location (crop) of the collection. If main effects
were found, additional analyses were used to deter-
mine which predator groups contributed to the main
effects indicated by the ANOVA. Data from individual
predator groups could not be transformed to meet
normality or variance expectations of parametric sta-
tistics, so an r X ¢ contingency table was used. This test
was conducted once for each predator group (PROC
FREQ, CHISQ option) and was based on both the
number of marked individuals and the total number
collected. For predator groups that moved into cotton
in sufficient numbers (n = 20), mean dispersal rates
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Fig. 2. Representation of cages and crops for assessing
causes of movement, 2001-2002. Dashed line indicates the
center of field cages. Dimensions indicated are to scale.

(m/d) were compared using a one-way ANOVA
(PROC GLM). For these estimates, predators were
assumed to have originated in the center of rubidium-
treated plots and were collected from a known loca-
tion in the untreated plots. Accordingly, the distance
between the middle row of the nearby rubidium-
treated plot and the row in which a predator collected
was divided by the number of days since the rubidium
spray to obtain an estimated dispersal rate.

Testing Causes of Movement. One site in Runnels
County, TX, was selected each year to test putative
causes of predator movement between crops. Fye
(1971, 1972) and Prasifka et al. (1999) identified plant
phenology, ambient temperature, and aphid density as
putative causes of predator movement. Because ma-
nipulation of these variables could not be produced
and replicated at a full scale, inclusion cages were used
to simulate field conditions. These cages were used to
test for effects of phenology and prey density on pred-
ator movement while temperature was monitored as
an uncontrolled variable.

Alternating four-row strips of cotton and grain sor-
ghum were planted (1-m row spacing), with cotton
planted 40-45 d after grain sorghum. Shortly after
cotton emergence, field cages measuring 3.0 by 3.0 by
2.0 m (length by width by height) were placed over
the crops. The cages were covered with a Lumite mesh
(20 by 20 holes/ cm?; Synthetic Industries, Gainesville,
GA) tight enough to prohibit the ingress or egress of
the herbivores and natural enemies studied. Six cages
placed only over cotton or sorghum were used for
rearing of cotton aphid, Aphis gossypii Glover, or
greenbug, Schizaphis graminum (Rondani), respec-
tively. Another 24 cages were placed over three
planted rows (two cotton, one sorghum). The middle
row was removed, and the remaining plants were
thinned to 10 of each crop at opposite sides of the cage
(Fig. 2). To examine if climate differences caused by
the cages might influence the behavior of predators
released, during 2002, ambient temperature and rel-
ative humidity were measured both inside and outside
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the cages by two HOBO HS8 Pro Series data loggers
(Onset Computer Corp., Bourne, MA) set to record at
1-h intervals.

An experimental protocol for the field cages was
repeated at three different periods corresponding to
the soft-dough, hard-dough, and physiological matu-
rity stages of grain sorghum phenology. Before the
start of each stage, cages were treated with chlorpyr-
ifos (Lorsban-4E; Dow AgroSciences, Indianapolis,
IN) at 1,100 g (AI)/ha to eliminate existing pest and
predator populations in the experimental cages. Seven
days later, each experimental cage received one of
four randomly assigned aphid treatments: aphids (S.
graminum) on sorghum only, aphids (A. gossypii) on
cotton only, aphids on both crops, or aphids on neither
crop. On plants selected to receive aphids, a cut sec-
tion of leaf with 15 of the appropriate aphid species
(obtained from the aphid rearing cages) was pinned to
one of the upper leaves with the aphids facing upward.
This number of aphids was selected as representing a
nonoutbreak aphid infestation level from field data
collected during 1998 (J.R.P. and K. M.H., unpublished
data). Within the next 24 h, both aphid species moved
off the cut leaf sections and onto their intended host
plants.

One day later, insectary-bought predators (Rincon-
Vitova, Ventura, CA) of unknown age were released
into the cages. Predators were shipped with cold-
packs but without food or water. Before release, all
predators were held under refrigeration without food
for amaximum of 5 d and provided with moisture using
a small piece of dental wick saturated with reverse
osmosis-treated water. In 2001, 30 H. convergens and
40 O. insidiosus (Say) adults were released into each
cage. No effort was made to measure or control sex
ratio of the predators released. High mortality and
small size contributed to inadequate recovery of O.
insidiosus in 2001, so only H. convergens was used in
2002. Predator releases were made onto the upper
leaves of plants, either cotton or grain sorghum, within
each cage. Assignment of release location was made
randomly within an aphid treatment so that three
replicates of each of the eight aphid treatment X
predator release combinations were created. Sam-
pling of predators started 1 d after predator release.
Predators collected from visual searches on cotton or
grain sorghum plants were aspirated into separate vi-
als. To detect excessive mortality or escapes, live pred-
ators found on the ground or other locations of the
cage were aspirated into a third vial. Vials from each
cage were placed in dry ice until transport to College
Station, TX, where the number of recovered predators
in each vial was counted.

As with the previous experiment, analyses of data
from this experiment were made using SAS software
(SAS Institute 1999). For data from each year, a three-
way ANOVA (PROC GLM, including all two-way
interactions) was used to test for the effects of crop
phenology, aphid treatment, and predator release lo-
cation on the recovery of H. convergens from caged
cotton plants. To homogenize variance across treat-
ments, recovery of H. convergens was assessed as the
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Table 1. Predators collected and marked in cotton and grain
sorghum, 2001

Cotton Sorghum
Predators Collected Marked Collected Marked
(n=2331) (n=443) (n=1384) (n=166)
Hippodamia 1,040 195 430 15
convergens
Araneae 498 52 363 38
Scymnus 357 98 139 11
loewii
Orius spp. 88 24 344 91
Notoxus spp. 114 10 25 0
Chrysopidae 108 35 11 1
Collops spp. 78 25 30 8
Geocoris 36 1 24 0
spp.
Nabidae 12 3 18 2

proportion of lady beetles collected on cotton (rela-
tive to the total number of beetles recovered) in each
cage, and this independent variable was arcsine square
root transformed to meet assumptions of normality.
When ANOVA results indicated an effect of phenol-
ogy or treatment, Fisher least significant difference
(LSD) procedure was conducted to separate means.
To determine if weather conditions inside the cages
were similar to those outside, mean temperature and
humidity values (n = 30 d) were compared at six
evenly spaced times during the day using a paired
t-test.

Results

Measuring Predator Movement. The new rubidium
mark threshold for spiders (based on 185 control sam-
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ples) was 9.25 PPM. This value is intermediate to the
thresholds established by Prasifka et al. (2001) that
were used for other predator taxa in this study (range,
2.15-12.60 PPM). Overall, predator collections during
2001 yielded a total of 3,715 predators. Of these, 609
predators were marked with rubidium, indicating re-
cent movement from an adjacent rubidium-treated
plot. Cotton gained far more predators (443) than it
lost (166) through an association with grain sorghum.
The total numbers of predators collected and marked
recoveries in each crop are shown sorted by taxo-
nomic group in Table 1.

A two-way ANOVA indicated that the stage of phe-
nology and crop in which collections were made did
not adequately explain the variability in the number of
marked predators recovered (F=1.11;df = 5,12; P =
0.407), but the F-test for the crop component only
(F = 4.88; df = 1,12; P = 0.047) was significant (Fig.
3). Analysis of separate predator groups indicated that
two groups moved preferentially into cotton, H. con-
vergens (x> = 57.87,df = 1, P<0.001) and S. loewii (x>
=2227,df = 1, P < 0.001). For all other groups, the
hypothesis that the proportion of predators entering
cotton was equal to the proportion leaving for adja-
cent plots of grain sorghum could not be rejected.
Estimated dispersal rates of predators entering cotton
fields ranged from 15.8 to 19.9 m/d (Table 2), but did
not vary among taxa according to a one-way ANOVA
(F =117, df = 5, 423; P = 0.324).

Predator collections from 2002 produced 580 total
predators, of which 34 were found to be rubidium
marked. Rainfall collected by our weather stations
ranged from 5.62 to 17.95 cm during the sampling dates
at sorghum’s soft dough stage. This caused extensive

Ll

B Into cotton
[ Into sorghum

Mean number of predators moving * SE

Soft-dough

Hard-dough

Physiological maturity

Sorghum phenology

Fig. 3. Mean number of predators (£SE) moving into cotton or sorghum at indicated stages of sorghum phenology, 2001.
A two-way ANOVA found differences (P < 0.05) between the number entering cotton and sorghum but not between stages

of phenology.
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Table 2. Estimated mean dispersal rates for predators immi-
grating into cotton, 2001
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Table 3. ANOVA results for putative causes of predator move-
ment, 2001-2002

Taxon Mean dispersal Sample

rate (m/d) = SD* size (n)
Hippodamia convergens 183*+79 195
Scymnus loweii 173+ 7.2 98
Araneae 177+ 52 52
Chrysopidae 19.9 = 8.3 35
Collops spp. 19.0 £ 7.9 25
Orius spp. 158+ 78 24

“ Estimates assume direct linear movement from centerline of ru-
bidium-treated plots to collection point.

flooding in the region and prohibited any field col-
lections of predators. When sorghum had reached
maturity, additional rains of 1.58-3.68 cm created con-
ditions unsuitable for rubidium spraying in three of the
six locations. Compared with typical rainfall (mean *
SE) for July in the Ballinger area over the previous 10
yr (2.59 * 0.66 cm; Office of the State Climatologist,
Texas A&M University), these periods represented
unusually high levels of precipitation. The resulting
low sample sizes and unbalanced design prohibited
statistical analysis of 2002 movement data.

Testing Causes of Movement. The temperature (t =
1.31,df =5, P= 0.25) and relative humidity (¢ = —0.12,
df = 5, P = 0.91) profiles inside and outside the field
cages were similar during the duration of the study
(Fig. 4). ANOVA results from 2001 indicated that
phenology affected the recapture of H. convergens on
cotton (F = 13.96; df = 2,54; P < 0.001). Means sep-
aration using Fisher LSD showed that a greater pro-
portion of H. convergens was recovered from cotton

Year Factor df F P
2001 Model (overall F-test) 17 2.65 0.003
Phenology 2 13.96 <0.001
Aphid treatment 3 1.03 0.387
Release location 1 1.60 0.212
Phenology X aphid 6 0.95 0.467
treatment
Phenology X release 2 117 0.318
location
Aphid treatment X release 3 1.44 0.241
location
2002 Model (overall F-test) 17 7.04 <0.001
Phenology 2 36.01 <0.001
Aphid treatment 3 2.89 0.044
Release location 1 25.01 <0.001
Phenology X aphid 6 1.08 0.388
treatment
Phenology X release 2 1.71 0.190
location
Aphid treatment X release 3 1.35 0.267
location

during the hard-dough and maturity stages of grain
sorghum than at the soft-dough stage. No other factors
or interactions were significant during 2001 (Table 3).

Phenology was also significant during 2002 (F =
36.01; df = 2,54; P < 0.001), again with a greater
proportion of H. convergens collected on cotton during
sorghum’s hard-dough and maturity stages. The pres-
ence of a release location effect (F = 25.01; df = 1,54;
P <0.001) indicated that more beetles were recovered
from cotton when they were initially released onto
cotton. Finally, the effect of aphid density manipula-
tions to cotton and sorghum plants was suggested by
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Fig. 4. Daily temperature (°C) and relative humidity (%) profiles inside and outside field cages during 2002. Values are
presented as means (= SD) at 4-h intervals over the duration of the experiment (n = 30 d).
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Fig. 5. Mean proportion of H. convergens collected on caged cotton plants, 2002. Aphid treatments containing the same
letter do not differ. Data are presented as back-transformed means for ease of interpretation.

the ANOVA (F = 36.01; df = 2,54 P < 0.001) and
examined by post-ANOVA analysis of the aphid treat-
ments. Results showed a greater proportion of H. con-
vergens was found on cotton when cotton aphids were
present (with or without greenbugs present) than
when no aphids were present in the cages. Recovery
of H. convergens was also greater with cotton aphids
only than with no aphids or greenbugs only (Fig. 5).
Again, none of the two-way interactions tested were
shown to be significant model components (Table 3).

Discussion

Results from predator marking experiments in 2001
showed that a greater number of predators moved into
cotton than into sorghum while suggesting that move-
ment of predators between the crops was unaffected
by changes in grain sorghum phenology. These results
agree with previous studies that showed enhanced
predator levels in cotton adjacent to or intercropped
with grain sorghum (Fye and Carranza 1972, Robinson
et al. 1972, Burleigh et al. 1973, Massey and Young
1975, Parajulee et al. 1997, Parajulee and Slosser 1999,
Prasifka et al. 1999). Data revealed a gain of 2.7 pred-
ators immigrating into cotton for each predator leav-
ing for adjacent grain sorghum. This is surprisingly
close the estimate of Prasifka et al. (1999), which
noted a predator gain-to-loss ratio in cotton of 2.0 with
a sample size of marked predators roughly 1/20th of
the current study. Subsequent analysis of smaller
predator groups indicated that the coccinellids H. con-
vergens and S. loewii moved disproportionately from
grain sorghum into cotton. Because these two species
represented 60% (1,397/2,331) of all predators col-
lected in cotton and 66% (293/443) of all marked
predators moving into cotton from adjacent grain sor-
ghum fields, it seems likely that coccinellids were

responsible for the overall pattern of predator move-
ment into cotton during 2001.

Although no differences in 2001 predator move-
ment were found over the three stages of phenology,
this may be attributable to experimental design; rep-
licates were located at relatively distant sites with crop
planting and management under the control of coop-
erating growers. This arrangement was chosen in an
effort to have results best reflect the conditions of crop
management in the region, but may have resulted in
greater variance in predator movement data. Previous
studies suggesting the role of sorghum phenology have
had more standardized conditions, with experiments
unreplicated or pseudoreplicated at a single location
(Fye 1971, Fye and Carranza 1972).

Data on the rate at which predators move from
cotton into grain sorghum indicated mean dispersal
rates from 16 to 20 m/d for all predator groups, and no
differences between taxa were found. The indicated
dispersal rates are likely underestimated because of
difficulties associated with sampling; the experimental
design only detects movement in the dimension per-
pendicular to the interface between the two fields (as
indicated by arrows in Fig. 1), but does not detect
movement parallel to the interface. However, the mo-
bility indicated by the estimated dispersal rates sug-
gests that the use of grain sorghum as a source of
predators for cotton need not be confined to the small
alternating strips of cotton and sorghum previously
proposed (Robinson et al. 1972, Burleigh et al. 1973,
Parajulee et al. 1997, Parajulee and Slosser 1999).

The lower number of marked predators recaptured
during 2002 is not completely explained by the num-
ber of total predators collected. The percentage of
marked predators as a fraction of all predators col-
lected was markedly lower in 2002 (5.9%) than in 2001
(16.4%). It seems possible that precipitation on the



April 2004

day of the final rubidium sprays may have interfered
with the efficacy of our predator-marking technique if
rubidium chloride was washed off plants before ab-
sorption could occur. This hypothesis is supported by
the experimental results showing that foliar-applied
rubidium may require 8-12 h for maximal absorption
into plant tissues (Reickenberg and Pritts 1996).

Cage studies designed to test the hypotheses that
aphid levels and phenology may motivate movement
of H. convergens between crops showed an effect of
phenology during both 2001 and 2002. Overall, a
greater proportion of beetles was collected on cotton
during the hard dough and maturity stages of sorghum.
Because both crops matured over the study period, it
is not immediately clear whether the growth of cotton
rendered it more desirable as a habitat or if the gradual
senescence of sorghum repelled H. convergens. How-
ever, because this effect was consistent across years
whether predators were released onto cotton or sor-
ghum (with no interactions), both of the above state-
ments are probably true. In 2002, the combinations of
aphid treatments to sorghum and cotton also influ-
enced the proportion of beetles collected on cotton.
Treatments with aphids on cotton had more H. con-
vergens collected on cotton compared with when no
aphids were present on either crop.

Based on the results from both years, it seemed that
aphid levels and crop phenology both cause H. con-
vergens to move between cotton and sorghum. Several
species of Coccinellidae are known to respond
through aggregration to high levels of aphid prey (Ka-
reiva 1982, Ives et al. 1993), and recent evidence sug-
gests that H. convergens accomplishes this response to
prey levels by using olfactory cues from the aphids
(Hamilton et al. 1999, Acar et al. 2001). However,
results here suggest that H. convergens responds to
relatively low levels of aphids on cotton and grain
sorghum.

Alhough previous studies have suggested that an
association of cotton and grain sorchum may have
potential for improving cotton pest management, cur-
rently no purposeful use of grain sorghum is made with
regard to arthropod pest management. This study con-
firms and quantifies the relationship of sorghum to
cotton as a source of colonizing predators and indi-
cates that both phenology and prey densities may
motivate predator colonization of cotton. Because
predators of all classes are competent dispersers, the
use of grain sorghum as a predator source is not limited
to the small-scale strategy of strip-cropping cotton and
grain sorghum. A mosaic of cotton and grain sorghum
fields over an agricultural landscape should be useful
to improve early-season populations of predators in
cotton and may also produce benefits as a source of
predator recolonization if early-season pesticide ap-
plications to cotton are necessary. Grain sorghum will
probably remain part of many cotton production sys-
tems as a rotation crop because of its tolerance to
insect pests and drought, but to realize the full po-
tential of improved pest management that may be
provided in this system, further research on the im-
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pacts of predator movement on pest levels and cotton
yields is needed.
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